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SPECIFICATION 
P emi aii Lul niagnrt rnr ului and IL MjuuThLluiiuft Method ■ 

Technical Field 

The present invention relates to a permanent-magnet motor and its 
m anufacturing method used for such as an air conditioner and a compressor 
□ for a refrigerator. 
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Background Art 

EH Related Art 1. 

Fig. 9 shows a conventional permanent-magnet motor. 
In Fig. 9, a stator 1 consists of a circular stator core 2, plural teeth 3 
provided to the stator core 2, and coils 4 wound around the teeth 3. The 
stator 1 is, for example, a distributed winding stator having stator winding of 
plural phases. 

Inside of the stator 1, a rotor 10 is placed rotatably with a gap 5. 
The rotor 10 has a rotation axis 11 and a rotor core 12 provided around the 

20 rotation axis 11. 

As shown in the figure, the permanent-magnet motor, in which a 
permanent magnet is used for a rotor of the motor, ,s formed by inserting 
plural permanent magnets 14, each of which has an arc in the view of its 
cross section, into a rotor core 12 havmg plural containing holes 13 provided 
25 near the peripheral part for inserting the plural permanent magnets. Each 



permanent magnet 14 is placed so that the convex part should face to an 

outside. 

Each permanent magnet 14 is magnetized so that magnetic 
orientation 15 of each pxece should be parallel with a direct line connecting 
5 the center of the rotor 10 and the center part of the circumference of the 
permanent magnet 14, namely, the center of the magnetic orientation should 
be infinite. The rotor core 12 is made by multilayermg multiple silicon steel 
plates respectively having the containing holes 13. 

However, as for the permanent-magnet motor structured according to 
10 the first related art, the distribution of the magnetic flux dens.ty of the gap 
between the rotor 10 and the stator 1, generated by the permanent magnet 
14, is in a wave form as shown in Fxg. 11. Since this wave form is much 
different from sine wave, a problem is raised such as large coggxng torque 
and much vibration and noise. 

15 Related Art 2. 

To solve the above problem, another technique has been developed as 
shown in Fig. 12. The rotor 10 of the figure is magnetized so that the focus 
of the magnetic orientation 15 of each piece of the permanent magnet 14 
should be located outside of the rotor 10. 

Using the above means, the magnetic flux density of the gap becomes 
high at the center part of the magnetic pole, while the density becomes low at 
both ends of the magnetic pole. Consequently, the distribution of the 
magnetic flux density of the gap resembles to the sine wave, which enables to 
decrease the cogging torque and also reduce the vibration and the noise. 

However, in the motor structured as described above, the magnetic 
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orientation 15 should be focused to the convex part of the permanent magnet 
14 on producing the permanent magnet 14. That is, the center of the 
magnetic orientation is placed in the opposite direction to the center of the 
arc formed due to the shape of the permanent magnet itself, which causes to 
differentiate the direction of the magnetic flux from the direction of 
compression at manufacturing process of the permanent magnet. 
Consequently, the residual magnet flux density becomes low, accompanied by 
reducing the efficiency of the motor. 
Related Art 3. 

Another means to solve the problem raised in the above first related 
art can be considered as a structure shown in Fig. 14. In this rotor 10, the 
convex part of each piece of the permanent magnet 14 is placed so as to face 
the inside of the rotor core 12, and each piece of the permanent magnet is 
magnetized so that the focus of the magnetic orientation of each piece of the 
permanent magnet 14 is located outside of the rotor 10. 

Employing the above means, the distribution of the magnetic flux 
density of the gap is high at the center part of the magnetic pole and low at 
the both ends. That is, the distribution becomes close to the sine wave as 
shown in Fig. 15. Accordingly, the cogging torque can be decreased, the 
vibration and the noise can be reduced. On manufacturing the permanent 
magnet 14, the magnetic orientation 15 can be focused at the concave part of 
the permanent magnet 14. Namely, the center of the magnetic orientation 
becomes in the same direction to the center of the arc formed due to the 
shape of the permanent magnet itself, and therefore, the direction of 
compression at producing the permanent magnet also becomes the same to 
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the direction of the magnetic flux. The residual magnetic flux density is not 
lowered nor the efficiency of the motor becomes worse. 

However, in the structure of the rotor according to the third related 
art explained above, the thickness of a rotor core part 12a which separates 
5 the gap 5 and each of the permanent magnet 14 becomes increased, and the 
magnetic resistance becomes low. Consequently, among magnetic flux 20 
generated by electric current of the coil 4, the amount of the magnetic flux 
which passes through the rotor core part 12a and short-circuits with the 
teeth 3 of the stator core 2 becomes large. Accordingly, the torque ripple 
10 generated by the fundamental wave component and higher harmonic wave 
component also becomes increased, which causes to enlarge the vibration 
and the noise. 

The present invention aims to provide, for example, a permanent- 
magnet motor, having a permanent magnet, which can reduce the vibration 
15 and the noise without decreasing the efficiency of the motor and a 
manufacturing method for the permanent-magnet motor. 



Disclosure of the Invention 

According to the preferred embodiment of the present invention, a 
permanent-magnet motor and a manufacturing method for the permanent- 
magnet having: 

a stator having stator winding of plural phases; and 

a rotor facing to inside of the stator across a gap part, and having a 
rotor core and a permanent magnet provided to the rotor core, 

wherein the permanent magnet is made so as to have both of a 
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convex part to an inner diameter side and a convex part to an outer diameter 
side in a cross section taken vertically to an axis; and 

wherein a focus of magnetic orientation of each magnetic pole of the 
permanent magnet is located outside of the rotor. 
5 Further, the rotor is formed by a rotor core assembly made by 

multilayering multiple pieces of core laminations, each having plural 
containing holes for inserting the permanent magnets and the permanent 
magnets are inserted into the containing holes for inserting the permanent 
□ magnets and a thickness of the rotor core, which separates the permanent 

1 10 magnet and the gap, is made within ±30% of a thickness of the rotor core 
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lamination. 

| Further, the rotor is formed by including the permanent magnets in 

an outer peripheral part of the rotor core and a non-magnetic protect pipe is 
attached around the permanent magnets. 

Further, when a radius of an arc of an outer diameter side of the 
containing hole provided to the rotor core for inserting the permanent 
magnet is R, and a radius of an arc of an outer diameter side of the 
permanent magnet inserted into the containing hole is r, it is set as R<r. 

Further, in the permanent-magnet motor, in which a thickness of the 
20 rotor core separating the permanent magnet and the gap part is made within 
±30% of a thickness of the multiple rotor core laminations, the stator is a 
concentrated winding stator made by directly winding a coil around a teeth 

part of the stator. 

Further, a radius of the convex part to the inner diameter side of the 
25 permanent magnet is smaller than a radius of the convex part to the outer 



diameter side of the permanent magnet. 

Yet further, a straight line part is provided to eaeh of a part of an arc 
of an mner diameter side of the containing hole for inserting the permanent 
magnet and a part of an arc of an mner diameter side of the permanent 

5 magnet. 

Brief Explanation of the Drawings 

Fig. 1 shows the first embodiment and illustrates a permanent- 

magnet motor. 

10 Fig. 2 shows the first embodiment and illustrates a magnetic 

orientation status of the permanent magnet. 

Fig. 3 shows the first embodiment and is a distribution diagram of 

magnetic flux density. 

Fig. 4 shows the first embodiment and is a partial enlarged view of 

15 Fig. 1. 

Fig. 5 shows the second embodiment and illustrates a rotor of the 

permanent-magnet motor. 

Fig. 6 shows the third embodiment and illustrates the rotor of a 

single pole. 

20 Fig. 7 shows the fourth embodiment and illustrates the permanent- 

magnet motor. 

Fig. 8 shows the fifth embodiment and illustrates the rotor of a single 

pole. 

Fig. 9 shows a conventional permanent-magnet motor. 
25 Fig. 10 shows magnetic orientation status of the conventional 
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permanent-magnet motor. 

Fig. 11 is a distribution diagram of magnetic flux density. 

Fig. 12 shows another magnetic orientation status of the 
conventional permanent-magnet motor. 

Fig. 13 is a distribution diagram of magnetic flux density.. 

Fig. 14 shows another magnetic orientation status of the 
conventional permanent-magnet motor. 

Fig. 15 is a distribution diagram of magnetic flux density.. 

Fig. 16 is a partial enlarged view of Fig. 14. 

Best Mode for Carrying out the Invention 
Embodiment 1. 

In the following, the first embodiment of the present invention will 
be explained by referring to the figures. 

Figs. 1 through 4 shows the first embodiment: Fig. 1 shows a 
permanent-magnet motor; Fig. 2 shows magnetic orientation status of a 
permanent magnet; Fig. 3 is a distribution diagram of magnetic flux density; 
and Fig. 4 shows a partial enlarged view of Fig. 1. 

In Fig. 1, a stator 1 includes a circular stator core 2, plural teeth 3 
provided to the stator core 2, and coils 4 wound around these teeth 3. The 
stator 1 is, for example, a distributed winding stator having stator winding of 
plural phases. 

Inside of the stator 1, a rotor 10 is placed rotatably with a gap 5. 
The rotor 10 has a rotation axis 11 and a rotor core 12 provided around the 
rotation axis 11. A permanent magnet is inserted from the direction of the 
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axis into a containing hole 13 for inserting the permanent magnet. The 
rotor core 12 has a multilayered rotor core assembly formed by multilayering 
multiple pieces of silicon steel plates, each of which is caUed a punched rotor 
core lamination and has the containing holes 13 punched, in the direction of 
5 the rotation axis 11 (that is, vertically to a sheet of Fig. 1). 

The containing hole 13 provided to the rotor core 12 has a shape 
being convex to both inner dimeter side and outer diameter side in the cross 
section taken vertically to the rotation axis 11. Further, the thickness t in 
the diameter direction of a rotor core part 12a, which separates the 
10 permanent magnet 14 and the gap 5, ls set within ±30% of the thickness of 
the rotor core lamination. For example, if the thickness of one piece of the 
rotor core lamination is 0.5mm, the thickness t of the rotor core part 12a in 
the diameter direction becomes 0.35mm through 0.65mm. 

Civcn a radiu ^a ore of the o .rt e Wiaractcr A j ^ ^m^^ 
« hole 13 provided to the rotor core 12 is K, and a radiu^^r^flhe outer 
diameter side of the permanent magnet^jsjv^^et as R>, An arc of the 
outer convex part of thejej^a^nfmagnet 14 is set to be a part of a 
circumference of^sSlTwhose center is the same to the center of the outer 
circle of^roC 10. Consequently, the thickness t of the rotor core part 
20 i ^ Tiu lhri ninm -^-- i onctant vahw 

Further, the permanent magnet 14 has a substantially similar shape 
to the containing hole 13 and is magnetized so that the N pole and the S note 
are located alternately and so that the focus of magnetic orientation of each 
part is located outside of the rotor 10 as shown in Fig. 2. 
25 In the permanent-magnet motor structured as described above, the 
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distribution of the magnetic flux density of the gap caused by the permanent 
magnet 14 becomes large at the center part of the magnetic pole and small at 
the both ends, which becomes resemble to the sine wave as shown in Fig. 3. 
Accordingly, the cogging torque can be decreased, and the vibration and the 

noise can be reduced. 

In case of Fig. 2, the focus of the magnetic orientation 15 is one place, 
however, the same effect can be obtained even if the focus becomes placed 
separately at multiple places as long as the focus is placed outside of the 
rotor 10. 

■Ai^» c v, ^ ™^nPt^ . ori o n tn t io n i», u ,t uu i Lu l 11.. fi li m ilrt 

y located on the outer diameter of the rotor 10, the residual magne^flux 
density cannot be decreased. This is because the compression/direction at 
□ forming the permanent magnet becomes almost the saineXthe direction of 

the magnetic flux when the cross section of the pe^anent magnet 14 is 
shaped convex to the inner diameter side, and^kdius R of the convex part 
of the inner diameter side is set to be sm^r than a radius R of the outer 
diameter side as shown in Fig. 1. 

On the contrary to the of Fig. 1, when it is desired that the 

radius R of the convex par^f the inner diameter side is larger than the 
radius R of the convex^ of the outer diameter side, at forming time of the 
permanent magne^at first, the radius R of the convex part of the inner 
diameter sidp/fo formed so as to be smaller than the radius R of the outer 
diameter/SKle. Thereafter, the permanent magnet is ground so that the 
radiu/R of the outer diameter side becomes larger. This brings the same 
25 g &QGt to the caac - of - Fig - . - l r- 
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As has been described, since the residual magnetic flux density of the 
permanent magnet 14 itself is not decreased, the efficiency of the motor is 

not lowered, either. 

Further, both the containing hole 13 and the permanent magnet 14 
5 have a convex shape to the outer diameter side, and the thickness t in the 
diameter direction of the rotor core part 12a, which separates the gap 5 and 
each piece of the permanent magnet 14, is made thin. Therefore, the 
magnetic resistance of the rotor core part 12a becomes large, and the number 
of magnetic flux passing through the rotor core part 12a, which separates the 
10 gap 5 and each piece of the permanent magnet 14, can be limited as shown in 
Fig. 4. Consequently, among the magnetic flux 20 generated by electric 
current of the coil 4, an amount of the magnetic flux short-circuited between 
the rotor core part 12a and the teeth 3 of the stator core 2 can be decreased. 
The torque ripple generated by the higher harmonic wave component of the 
15 magnetic flux can be decreased, which enables to reduce the vibration and 
the noise. 

In the above case,, the thickness t in the diameter direction of the 
rotor core part 12a is desired to be within ±30% of the thickness of the 
lamination in consideration of the characteristic of the rotor core lamination 
20 and the magnetic resistance. Namely, making the thickness t of the rotor 
core part 12a in the diameter direction too small causes to destroy the rotor 
core part 12a on punching the rotor core lamination. On the contrary, if the 
thickness t of the rotor core part 12a in the diameter direction is made too 
large, the number of the magnetic flux passing through the rotor core part 
25 12a separating the gap 5 and each piece of the permanent magnet 14 cannot 
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be decreased. 
Embodiment 2. 

Hereinafter, the second embodiment of the present invention will be 

explained referring to the figure. 
5 Fig. 5 shows the second embodiment and illustrates the rotor of the 

permanent-magnet motor. As shown in Fig. 5, the permanent magnet 14 is 
placed at the outer peripheral part of the rotor core 12, and the permanent 
magnet 14 is protected by attaching a non-magnetic pipe 16 around the 
permanent magnet. By this structure, the magnetic flux short-circuited 
10 between the rotor core 12 and the stator core 2 can be further decreased, and 

accordingly, the torque ripple can be also decreased, which enables to reduce 

the vibration and the noise. 

Embodiment 3. 

Hereinafter, the third embodiment of the present invention will be 

15 explained referring to the figure. 

Fig. 6 shows the third embodiment and illustrates one pole of the 
rotor. As shown in the figure, when the radius of the arc of the outer 
diameter side of the containing hole 13 provided to the rotor core 12 is R, and 
the radius of the arc of the outer diameter side of the permanent magnet 14 
20 is r, it is set as R<r. Therefore, the rotor core part 12a separating the 
permanent magnet 14 and the gap 5 is not contacted to the permanent 
magnet 14 at around the center part of the circumference of the permanent 
magnet 14. Large moment of inertia influenced to both ends from around 
the center part of the rotor core part 12a due to the centrifugal force 
25 generated by high-speed rotation of the rotor 10 can be taken out, which 
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enables to decrease shearing stress. Consequently, the present embodiment 
can prevent deformation and break of the rotor. 
Embodiment 4. 

Hereinafter, the fourth embodiment of the present invention will be 

5 explained referring to the figure. 

Fig. 7 shows the fourth embodiment and illustrates the permanent- 
magnet motor. In the first through third embodiments, the stator is the 
distributed winding stator. As shown in Fig. 7, the stator 1 of the present 
embodiment is a concentrated winding stator including a circular stator core 
10 2, plural teeth 3 formed on the stator core 2, and a coil 4 directly wound 
around the teeth 3, which brings the following advantage. 

In the concentrated winding stator, among the magnetic flux 
generated by the electric current of the coil 4, the magnetic flux, which 
passes through the rotorcore part 12a separating the gapj and each piece of 
15 the permanent magnet 14 and short-circuits between the rotor core part 12a 
and the teeth 3 of the stator core 2, influences to the vibration and the noise 
more than the distributed winding. Therefore, more efficient reduction of 
the torque ripple, namely of the vibration and the noise can be obtained by 
setting the thickness t in the diameter direction of the rotor core part 12a, 
20 which separates the gap 5 and each piece of the permanent magnet/ 14, to be 
within ± 30% of the thickness of the rotor core lamination.* 

Recently, another type of the concentrated winding stator has been 
proposed for obtaining higher efficiency due to the high coil space factor of 
the coil 4: such as single winding of the teeth 3 made by dividing the stator 
25 core 2; and directly winding the teeth by opening and holding the iron core to 
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straight or inversely warped. These kinds of stator have a problem that the 
rigidity of the stator has been weakened due to the division, which may 
cause to enlarge the vibration and the noise. Accordingly, it is more efficient 
to employ the present embodiment to increase the efficiency and reduce the 

vibration and the noise. 

+ • ~+;^^ gfrtr ^milM lu mi d i o f ombo dv f 

Tho -present mvom i oTi^ muy 

described above and shown An the Arawings^e^ention can be 
embodied by modifying the eLodimLs^^the scope which does not 

deviate the ■^# SS ^J^»S**&<**» " 

1 llia n - aix -. 

Embodiment 5. 

In the following, the fifth embodiment of the present invention will 

be explained referring to the figure. 

Fig. 8 shows the fifth embodiment and illustrates one pole of the 
15 rotor. Asshowninthefigure^straightlinepartSOisprovidedtoeachofa 
part of the arc of inner diameter side of the containing hole 13 of the 
permanent magnet provided to the rotor core 12 and a part of the arc of the 
inner diameter side of the permanent magnet 14, winch brings the following 
advantages. 

Since the straxght line part 30 is provided to the part of the arc of the 
permanent magnet 14, a difference of the thickness between the center part 
of the permanent magnet and the both ends is decreased. Accordingly, a 
difference of the compression ratio at producing the permanent magnet is 
lowered, which reduces defective product having a clack or a chip. 
25 Further, by providing the straight hue part 30 to the part of the arc of 
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the permanent magnet 14, the permanent magnet can fit to the equipment at 
grinding process after forming, which enables to easily obtain the accuracy. 
Accordingly, the number of cases producing the permanent magnet 14 having 
wrong size can be reduced, and further, the number of cases of defective 
5 insertion into the rotor core 12 at inserting process can be also reduced. 

Yet further, since the straight line part 30 is provided to the arc of the 
inner diameter side, not to the outer diameter side, the amount of the 
magnetic flux short-circuited between the rotor core part 12a and the teeth 3 
of the stator core 2 does not change, nor the torque ripple generated by the 
10 higher harmonic wave component of the magnetic flux increases. 

Industrial Applicability 

According to the preferred embodiment of the present invention, in 
the permanent-magnet motor, the permanent magnet is made so as to have a 
15 shape in which both of the inner diameter side and the outer diameter side 
are convex in the cross section taken vertically to the axis, and further, the 
focus of the magnetic orientation of each magnetic pole of the permanent 
magnet is located outside of the rotor. Therefore, the distribution of the 
magnetic flux density of the gap is high at the center part and law at both 
20 ends, which resembles the sine wave. Accordingly, the cogging torque can 
be decreased, and the vibration and the noise can be reduced. Further, 
since the magnet can be produced without decreasing the residual magnetic 
flux density, the efficiency of the motor cannot be lowered. 

Further, in the rotor, the rotor core assembly is formed by 
25 multilayering multiple pieces of rotor core laminations, each having plural 
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containing holes for inserting the permanent magnets. The permanent 
magnet is inserted into the containing hole for inserting the permanent 
magnet, and further, the thickness of the rotor core, which separates the 
permanent magnet and the gap, is made within ±30% of the thickness of 
5 the rotor core lamination. Therefore, within the magnetic flux generated by 
the electric current of the coil of the stator, the amount of the magnetic flux 
short-circuited between the rotor core part and the teeth of the stator core 
can be decreased. Consequently, the torque ripple generated by the higher 
harmonic wave component of the magnetic flux can be decreased, and the 
10 vibration and the noise can be reduced. 

Further, since the rotor is formed by inserting the permanent magnet 
to the outer peripheral part of the rotor core and attaching the non-magnetic 
protect pipe around the permanent magnet, the amount of the magnetic flux 
short-circuited between the rotor core part and the teeth of the stator core 

15 can be further decreased. 

Further, when the radius of the arc of the outer diameter side of the 
containing hole for inserting the permanent magnet provided to the rotor 
core is R, and the radius of the arc of the outer diameter side of the 
permanent magnet inserted into the containing hole is r, it is set as R<r. 
20 Consequently, the rotor core part separating the permanent magnet and the 
gap does not contact to the permanent magnet at around center part in the 
circumference of the permanent magnet, which prevents the deformation 
and the break of the rotor due to the centrifugal force generated by high- 
speed rotation of the rotor. 
25 Further, in the permanent-magnet motor, the thickness of the rotor 
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core separating the permanent magnet and the gap is set within ±30% of 
the thickness of the rotor core lamination, and the concentrated winding 
stator made by directly winding the coil is provided to the teeth part of the 
stator. Therefore, the reduction of the torque ripple, namely, of the 
5 vibration and the noise can be made more efficiently by setting the tlnckness 
of the rotor core part separating the gap and the permanent magnet in the 
diameter direction within ± SQo/o of the thickness of the rotor core 
lamination. 

Further, since the radius of the convex of the inner diameter side of 
10 the permanent magnet is made smaller than the radius of the convex of the 
outer diameter side, the compression direction at forming the permanent 
magnet becomes almost the same to the direction of the magnetic flux, and 
the residual magnetic flux density is not decreased. 

Further, the straight line parts are provided to the part of the 
16 containing hole for inserting the permanent magnet and the part of the arc of 
the inner diameter side of the permanent magnet, a difference of the 
compression ratio at producing the permanent magnet is decreased, which 
can reduce defective product having a clack or a chip. 

Further, the permanent magnet can fit to the equipment at grinding 
20 process after forming, which enables to easily obtain the accuracy. 
Accordingly, the number of cases producing the permanent magnet having 
wrong size can be decreased, and further, the number of defective insertion 
into the rotor core at inserting process can be also decreased. 

Yet further, since the amount of the magnetic flux short-circuited 
25 between the rotor core and the teeth of the stator core is not increased, nor 
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the torque ripple generated by the higher harmonic wave component of 
magnetic flux increases. 
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